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R819and in darkness. Using lanolin dots
as markers on NPA-treated tomato
apices, meristem tip growth
was detected following 5 days
of growth in the light, but not in
the dark. Application of zeatin to
NPA-treated apices restored meristem
tip growth in the dark, but not organ
induction. Conversely, in the absence
of NPA, zeatin induced organ initiation
but not tip growth. These observations
illustrate that cytokinin, in addition to
auxin, is an important regulator of leaf
initiation. As cytokinin promotes leaf
initiation only in the presence of active
auxin transport, these results also
indicate that the primary effect of
cytokinin action is meristem
propagation.
To determine the impact of light on
gene expression Yoshida et al. [1]
switched to Arabidopsis, which
displays light-mediated responses
comparable to those observed in
tomato. Supporting a role for light in
auxin regulation, levels of DR5–GFP
and TAA1–GFP, an auxin biosynthesis
reporter, were elevated in the light
compared to darkness [1]. Thus, auxin
production at the shoot apical
meristem requires light. Similar
observations were made for
pTCS–GFP, a synthetic reporter used
to visualise the cytokinin response,
while levels of the cytokinin targets
CLV1–GFP and CLV3–GFP were
elevated in the dark. As CLV genes
promote cell differentiation [19,20],
the upregulation of these genes in the
dark along with the reduced cytokinin
response suggest that light boosts
cytokinin levels, which promotes
growth by repressing CLV expression.
As CLV1 and CLV3 have been reported
to negatively regulate WUS [19],
WUS–GFP levels were expected to
show an inverse correlation with those
of the light-regulated CLV1 and CLV3.
Surprisingly, WUS–GFP levels were
light insensitive. This observation
resonates with a previous report where
silencing ARRs led to elevated CLV3
expression, and only modest changes
in WUS levels [13]. However, these
new findings indicate that signalling
in the meristem is condition dependent
and is more complex than previously
thought. The authors propose that
WUS persistence in darkness may be
required to maintain cell specification,
allowing a rapid resumption of growth
upon exposure to light.
In summary, Yoshida et al. [1] have
elegantly demonstrated that leafinitiation and phyllotaxy are important
features of photomorphogenesis. This
control is affected in the shoot apical
meristem, where light switches modus
operandi from maintenance to organ
generation (Figure 1).
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Priming Vesicle Release?Synaptic ribbons are specialized organelles that hold vesicles close to the
active zone of sensory synapses, but their function is mysterious. Acute
disruption of the ribbon complex using light has now revealed that it has a role
in priming synaptic vesicles for fusion.Ilaria Pelassa and Leon Lagnado
Information about light and sound
begins its journey to the brain bytransmission across ‘ribbon’ synapses.
Although sharing fundamental
properties with other chemical
synapses in the nervous system, ribbon
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Figure 1. Acute photoablation of the synaptic ribbon alters fast and slow release of vesicles
from retinal bipolar cells.
(A) Method employed by Snellman et al. [2]. Paired whole-cell voltage-clamp recordings were
made from bipolar cells and post-synaptic amacrine cells in mouse retina. Recordings were
made holding the potential presynaptically from mouse rod bipolar cells while monitoring
the excitatory postsynaptic currents (EPSCs) to 100 ms step depolarizations to –10 mV of
AII amacrine cells. (B) After loading the ribbon-binding peptide, the excitatory postsynaptic
current (EPSC) was recorded in response to a 100 ms step depolarization (gray trace). Then
FALI was used to disrupt the function of ribbon-associated proteins. The first response after
FALI was comparable to control (red trace), but in subsequent responses both fast and slow
phases of release were reduced (black trace). (C) Electron micrograph of a ribbon in a control
cell and in a cell subjected to photobleaching. The photoablated ribbon does not show any
structural alteration and further quantification confirmed unaltered number of docked vesicles
and vesicle distance from the plasma membrane. The scale bars represent 100 nm. (Repro-
duced with permission from Snellman et al. [2].)
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R820synapses are set apart by an unusual
organelle, the ribbon, which holds
vesicles close to the active zone [1]
(Figure 1). Ribbons occur in
photoreceptors and bipolar cells in the
retina and in mechanosensitive hair
cells in the cochlea and vestibular
organs of balance. The basic ultra-
structure of the ribbon has been known
for more than 40 years, but its
functional role has remainedmysterious. Many attempts were made
to understand the role of the ribbon by
genetically impairing its functioning.
Snellman et al. [2] have now reported
an innovativeway of ablating the ribbon
with light, the effects of which suggest
that ribbons play a role in the priming of
synaptic vesicles.
Neurons that transmit sensory
information through ribbon synapses
are distinguished by the electricalsignal that controls neurotransmitter
release. Conventional synapses
transmit a digital code based on action
potentials lasting a few milliseconds
that trigger a transient burst of vesicle
fusion. In contrast, ribbon synapses
primarily transmit analog signals
representing the intensity of light; the
amplitude of the voltage signal varies
continuously with the stimulus, and so
does the rate of vesicle fusion. The
functional properties of ribbon
synapses have been studied
particularly intensively in retinal bipolar
cells of fish and mice, many of which
have a giant synaptic terminal that can
be studied electrophysiologically and
using a variety of imaging techniques
[3]. Intriguingly, recent evidence
indicates that these neurons transmit
the visual signal in both analogue and
digital forms: the presynaptic calcium
signal that drives vesicle fusion is
controlled by graded voltage signals,
but also by large amplitude calcium
spikes generated within the synaptic
compartment [4].
Vesicles in the ribbon synapse exist
in different states, which can be
revealed by observing the kinetics of
the release process. A sudden
maintained depolarization delivered
fromrestdrives three kinetically distinct
components of exocytosis reflecting
different pools of synaptic vesicles
[5,6]. The ready releasable pool is
composed of vesicles docked and
primed at the active zone, and these are
all releasedwithin 20millisecondswhen
thecalciumcurrent is activatedstrongly
[7]. About three times as many vesicles
(the reserve pool) are released in
a second phase that occurs over
approximately a second, after which
a large reservoir of vesicles maintains
slower continuous release [8]. The two
slower components of release reflect,
at least in part, the fusion of vesicles
that must travel to the surface
membrane from the ribbon or
cytoplasm. Imaging the fusion of
individual vesicles has confirmed that
fast release of the ready releasable pool
occurs close to the ribbon, although
slower release is not exclusively
restricted to these areas [9,10].
To maintain synaptic communication
during ongoing activity, vesicles
tethered to the ribbon or floating in the
cytoplasm must dock to the active
zone, and then become primed for
fusion. The term ‘priming’ describes
the process by which synaptic vesicles
become responsive to the calcium
Dispatch
R821signal that triggers vesicle fusion. A
‘clasp’ is formed between the docked
vesicle and the plasma membrane by
formation of the ‘soluble NSF
attachment protein receptor’ complex
(SNARE). A protein called Munc13 and
Rab3-interacting molecules (RIMs)
regulate the priming by controlling
assembly of this complex [11].
The identification of the ready
releasable pool as vesicles held at the
bottom of the ribbon is based on
the numerical agreement between the
number of vesicles that can be released
very rapidly and the ultrastructure
judged by electron microscopy. But
these observations lead to a second
important idea: the transfer of new
vesicles to the ready releasable pool is
rate-limiting during ongoing release.
Consistent with this idea, it has been
shown by electron microscopy that
strong stimulation causes the selective
depletion of the vesicles docked under
the ribbon [12]. Further, it has been
estimated that the fastest an individual
vesicle can become primed and
released is aboutw250 milliseconds
[3], which is thought to represent two
processes: transport of the vesicle
from the sides of the ribbon down to the
active zone, and priming of the vesicle
for release. This picture reflects the
‘conveyor belt’ hypothesis, which
posits that the ribbon moves primed
vesicles to release sites through
a molecular motor, possibly the kinesin
KIF3A [13]. This idea still lacks any
direct experimental evidence.
In understanding the role of the
ribbon, attention has focused on the
major protein component RIBEYE [14],
a carboxy-terminal binding protein
(CtBP) which has been targeted with
genetic approaches. Inactivation of the
RIBEYE homologue CtBP2 in knockout
mice is lethal at an early embryonic
stage, making physiological
experiments impossible [15], while in
zebrafish, knockdown of RIBEYE
expression using a morpholino causes
a loss of ribbon assembly in larvae,
suggesting a structural role [16]. An
alternative approach has now been
described by Snellman et al. [2]: acute
disruption of ribbon function using
called fluorophore-assisted light
inactivation (FALI; Figure 1B). To target
the ribbon, the fluorophore was linked
to a RIBEYE-binding peptide that
recognizes the CtBP domain of the
RIBEYE protein [17]. Intense activation
of the fluorophore produces highly
reactive oxygen free radicals thatdisrupt the function of nearby proteins
(those withinw4 nm).
Snellman et al. [2] found that the first
stimulus after disrupting ribbon
function triggered an exocytic
response much like the control, with
both fast and slow phases of vesicle
release intact. But after the second
stimulus, there was amarked reduction
in both these kinetic components
(Figure 1B). How might these results
be interpreted? The experiment
suggests that FALI did not affect the
release of vesicles that were already
associated with the ribbon, but it did
affect the release of new vesicles that
were recruited after the first round of
stimulation. Electron microscopy
quantifications did not show any
difference between the normal
ultrastructure of the ribbon and the
structure after FALI, either in terms of
ribbon numbers or vesicles attached
(Figure 1C). It appears that FALI
disrupted a process occurring after
vesicles were associated with the
ribbon — most likely ‘priming’.
The question now is how does FALI
targeted at RIBEYE disrupt the
processes that prepare vesicles for
fusion? The CtBP domain of
RIBEYE protein is homologous to
NAD+-dependent dehydrogenases and
binds NAD+ [14], so perhaps this
enzymatic activity might be involved in
vesicle priming. But although FALI
targets the fluorophore-labelled
protein relatively precisely [18], free
oxygen radicals might also diffuse
to damage nearby proteins. At
conventional synapses, a number of
proteins are thought to be involved in
priming, including RIM1, RIM2 and
Munc13, and these are also present at
the ribbon. Another clue might come
from the demonstration that infusion of
ATP-g-S, a non-hydrolysable analogue
of ATP, generates a phenotype similar
to disruption of RIBEYE by FALI [19,20].
Although ATP hydrolysis seems to be
a fundamental step in priming, a lot
more work is required to understand
the role of other ribbon-associated
proteins. It also seems likely that
assays of transport processes on and
around the ribbon will also be required
to understand how this intriguing
organelle is involved in fusion and
retrieval of vesicles at sensory
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